The novel actinomycete strain PWB-003 T , which produced fluostatins B and C antibiotics, was isolated from nearshore sediment collected from Panwa Cape, Phuket Province, Thailand. Data from the present polyphasic study indicated that strain PWB-003 T represented a member of the genus Micromonospora. It produced single spores on substrate mycelia and contained mesodiaminopimelic acid in the cell-wall peptidoglycan. Whole-cell hydrolysate contained ribose, xylose, arabinose, mannose and glucose. The predominant menaquinone was MK-10 (H 4 ). Cellular fatty acids comprised C 18 : 1 v9c, iso-C 16 : 0 , anteiso-C 17 : 0 , iso-C 15 : 0 and iso-C 17 : 0 . On the basis of 16S rRNA gene sequence similarity analysis, the novel strain was closely related to Micromonospora eburnea LK2-10 T (99.38 %), Micromonospora chaiyaphumensis 
Strain PWB-003
T was isolated from nearshore marine sediment collected from Panwa Cape, Phuket Province, Thailand (78 489 070 N 988 249 270 E) using M1 medium (Zhang et al., 2006) supplemented with nalidixic acid (25 mg ml
21
) and cycloheximide (50 mg ml
) and incubated at 28 8C for 21 days. A pure culture was maintained on JCM 47 medium (5 g yeast extract, 50 g glycerol, 5 g N-Z amine type A, 10 g glucose, 20 g soluble starch, 1 g CaCO 3 and 15 g agar in 1000 ml of distilled water) at 4 8C. Biomass for phenotypic examination and genomic DNA extraction was obtained from the culture grown in yeast extract-glucose broth [10 g yeast extract and 10 g glucose in 1000 ml of distilled water (pH 7.2)] with shaking at 180 r.p.m. at 28 8C for 7 days, and was washed three times in sterile distilled water.
Cultural characteristics were determined according to the standard procedures of the International Streptomyces Project (ISP; Shirling & Gottlieb, 1966) . The colours of colonies and soluble pigments were determined using the NBS/IBCC colour system (Kelly, 1964) . The morphology of spores was observed by scanning electron microscopy (JSM-7610F; JEOL) after the strain was cultured on ISP 2 medium at 30 8C for 30 days. Biochemical and physiological properties were examined based on standard procedures (Arai, 1975; Gordon et al., 1974; Williams & Cross, 1971) . Enzyme activities were determined using the API ZYM system (bioMérieux). The effects of temperature, pH and NaCl tolerance were determined on ISP 2 medium.
Freeze-dried cells for chemotaxonomic studies were obtained from culture grown in yeast extract-glucose broth with shaking (180 r.p.m.) at 28 8C for 7 days. The isomers of diaminopimelic acid and whole-cell sugars were determined by the method of Staneck & Roberts (1974) . The acyl type of muramic acid was determined based on the method of Uchida & Aida (1984) . The presence of mycolic acid was determined following the method of Tomiyasu (1982) . Fatty acid methyl esters were prepared from 40 mg of freeze-dried cells according to the method of Sasser (1990) and were analysed by GC (MIDI, Sherlock Microbial Identification System, TSBA6 Sherlock Version 6.2B). Polar lipids were extracted following the method of Minnikin et al. (1984) and were determined using two-dimensional TLC. Menaquinones were extracted according to the method of Collins et al. (1977) and were analysed using LC/MS (JMS-T 100LP; JEOL) with a Capcell Pak C18 UG120 column (Shiseido).
Genomic DNA of strain PWB-003 T was extracted from freeze-dried cells according to the method of Raeder & Broda (1985) . Amplification of the 16S rRNA gene was carried out as described by Suriyachadkun et al. (2009) and sequencing (Macrogen) was done using universal primers (Lane, 1991) . Sequence analysis was performed using the BioEdit software (Hall, 1999) . 16S rRNA gene sequence similarities between strain PWB-003
T and the type strains of related species were determined based on a BLAST analysis on the EzTaxon-e server (Kim et al., 2012) . PCR amplifications and sequencing of the gyrase B subunit (gyrB) gene were carried out following the methods described by Garcia et al. (2010) . Phylogenetic trees [neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) and maximum-likelihood (Felsenstein, 1981) ] were reconstructed using MEGA 6.0 (Tamura et al., 2013) . Confidence values of branch nodes were evaluated using the bootstrap resampling method with 1000 replications (Felsenstein, 1985) . The genomic DNA G+C content was determined using HPLC (Tamaoka & Komagata, 1984) . DNA-DNA hybridization was carried out as described by Ezaki et al. (1989) .
For study of secondary metabolites, strain PWB-003 T was cultivated in yeast-glucose broth at 28 8C for 7 days to produce the inoculum. The inoculum (1 %, v/v) was transferred to production medium (2 g soluble starch, 0.5 g glycerol, 1 g defatted wheatgerm, 0.3 g meat extract, 0.3 g dry yeast and 0.3 g CaCO 3 ; distilled water up to 100 ml; pH 7.8) and cultured at 28 8C for 10 days with shaking (180 r.p.m. T showed the ability to produce fluostatins B and C (Fig. S1 , available in the online Supplementary Material). Fluostatin B was previously isolated from the culture broth of Streptomyces sp. TA3391 and showed activity for the peptidyl peptidase III inhibitor (Akiyama et al., 1998) while fluostatin C was previously isolated from Streptomyces sp. Acta 1383 and marine-derived Micromonospora rosaria SCSIO N160 (Baur et al., 2006; Zhang et al., 2012b) . The isolation procedures of fluostatins B and C from strain PWB-003
T are not described in this paper.
Strain PWB-003
T produced non-fragmented branched substrate mycelia but not aerial mycelia on various agar media. Rough spores were borne singly on substrate mycelia and were 0.2-1.0 mm in size (Fig. 1) . The cultural characteristics of strain PWB-003
T were determined and are summarized in Table S1 . The strain grew well on yeast-starch and JCM 47 media but did not grow on ISP 3 or ISP 6 media. It produced light greyish yellowish brown to brownish orange pigment on ISP 7, yeast-starch agar, nutrient agar and JCM 47 agar. The strain grew at pH 6-10. The optimum temperature for growth of strain PWB-003
T was 30-37 8C. No growth was observed at 20 or 45 8C after incubation for 7 days.
T showed chemotaxonomic characteristics identical to those of members of the genus Micromonospora. It contained meso-diaminopimelic acid in the cellwall peptidoglycan and contained ribose, xylose, arabinose, mannose and glucose in whole-cell hydrolysates. According to the classification of Lechevalier & Lechevalier (1970) , the presence of xylose and arabinose as diagnostic sugars indicates sugar pattern D. The N-acyl group of muramic acid was glycolyl. Mycolic acids were absent. The fatty acid profile contained large amounts of C 18 : 1 v9c (22.3 %), iso-C 16 : 0 (25.9 %), anteiso-C 17 : 0 (12.4 %), iso-C 15 : 0 (7.7 %) and iso-C 17 : 0 (6.2 %). The fatty acid profiles of strain PWB-003 T and related type strains are compared in Table 1 . The menaquinones were MK-10 (H 4 ) (91.4 %) and small amounts of MK-10 (H 0 ) (1.6 %), MK-10 (H 2 ) (1.9 %) and MK-10 (H 6 ) (4.9 %). The DNA G+C content of strain PWB-003 T was 74.5 mol%. The phospholipids were phosphatidylethanolamine, phosphatidylmethylethanolamine, phosphatidylinositol, diphosphatidylglycerol, phosphatidylglycerol and phosphatidylinositol mannoside. Unknown phospholipids, an unknown phosphoglycolipid, an unknown ninhydrin-positive glycolipid and unknown lipids were also detected (Fig. S2) . The presence of both phosphatidylethanolamine and phosphatidylinositol mannoside in the phospholipid profile was unique in comparison with related Micromonospora species, which contained only one nitrogenous phospholipid (Jongrungruangchok et al., 2008; Kroppenstedt et al., 2005; Thawai et al., 2004 Thawai et al., , 2005 Zhang et al., 2012a) .
The almost-complete 16S rRNA gene sequence (1462 nt) of strain PWB-003
T was closely related to those All data are from this study. 2, Not present. Fatty acids comprising less than 0.5 % in all strains are omitted. 
Micromonospora auratinigra JCM 12357 T (AB159779)
Micromonospora chaiyaphumensis MC5-1 T (AB196710)
Micromonospora coerulea JCM 3175 T (X92598)

Micromonospora kangleipakensis MBRL 34 T (JN560152)
Micromonospora fluostatini PWB-003 T (LC033898)
Micromonospora yangpuensis FXJ6.011 T (GU002071)
Micromonospora avicenniae 268506 T (JQ867183)
Micromonospora equina Y22 T (JF912511) Micromonospora olivasterospora MK70 T (X92613)
Micromonospora rhizosphaerae 211018 T (FJ261956) Micromonospora pattaloongensis TJ2-2 T (AB275607)
Micromonospora pisi GUI 15 T (AM944497)
Micromonospora polyrhachis NEAU-ycm2 T (KC139400)
Micromonospora sonneratiae 274745 T (JQ619535)
Micromonospora humi P0402 T (GU459068)
Micromonospora schwarzwaldensis HKI 0641 T (KC517406)
Micromonospora coxensis 2-30-b(28) T (AB241455)
Micromonospora purpureochromogenes DSM 43821 T (X92611)
Micromonospora halophytica DSM 43171 T (X92601)
Micromonospora marina JSM1-1 T (AB196712)
Micromonospora aurantiaca ATCC 27029 T (CP002162)
Micromonospora maritima D10-9-5 T (HQ704071)
Micromonospora sediminicola SH2-13 T (AB609324) (Fig. 2) . Although the Fig. 2 . Phylogenetic relationships based on neighbour-joining analysis of 16S rRNA gene sequences (1462 nt) of strain PWB-003 T and all members of the genus Micromonospora. Actinoplanes regularis DSM 43151 T was used as an out group. *#Branches also recovered in the maximum-likelihood and maximum-parsimony trees, respectively. Numbers at branch nodes indicate bootstrap percentages derived from 1000 replications (only values .50 % are shown). Bar, 0.002 substitutions per nucleotide position. T with a high bootstrap value (Fig. S5) . However, the 16S rRNA gene sequence of strain PWB-003 T showed low similarity (98.5 %) to M. rosaria IFO 13697 T . This similarity was below the recommended value (98.7-99 %) for the need for DNA-DNA reassociation experiments (Stackebrandt & Ebers, 2006) . Furthermore, these two taxa could be distinguished based on the morphology of spores and whole-cell sugar patterns (Horan & Brodsky, 1986) . On the basis of morphological and chemotaxonomic characteristics, including 16S rRNA and gyrB gene sequence analyses as mentioned above, strain PWB-003
T can be classified in the genus Micromonospora.
Strain PWB-003 T could be distinguished from closely related Micromonospora species on the basis of phenotypic properties (Table 2 ), in particular starch hydrolysis, gelatin liquefaction, nitrate reduction, skimmed milk peptonization/coagulation, acid production from various carbon sources, enzyme activity, NaCl tolerance, and the presence of both phosphatidylmethylethanolamine and phosphatidylethanolamine in the polar lipid profile. Moreover, strain PWB-003 T showed low DNA-DNA relatedness with related type strains (11.3¡1.3 to 38.8¡1.1 %, Table  S2 ), which were significantly lower than 70 %, the threshold value for assigning strains to the same species (Wayne et al., 1987) .
Based on phenotypic, chemotaxonomic and genotypic characteristics together with DNA-DNA relatedness, strain PWB-003 T should be classified as representing a novel species of the genus Micromonospora, for which the name Micromonospora fluostatini sp. nov. is proposed. Gram-stain-positive, aerobic, mesophilic actinomycete which forms branched substrate mycelia. Aerial mycelia are not formed. Light greyish yellowish brown to brownish orange pigment is produced on ISP 7, yeast-starch agar, nutrient agar and JCM 47 agar. Single spores with rough surface are formed on substrate mycelia. Spores are 0.2-1 mm in size. Optimum temperature for growth is 30-37 uC. Growth occurs at pH 6-10. The maximum NaCl concentration for growth is 3 % (w/v). Hydrolysis of starch and skimmed milk peptonization are positive. Gelatin liquefaction and coagulation of skimmed milk are negative. Nitrate is not reduced to nitrite. Produces acid weakly from cellobiose, D-mannose, D-melibiose, D-raffinose, L-rhamnose, salicin and D-xylose but not from L-arabinose, fructose, D-sorbitol or D-xylitol. Positive for activities of alkaline phosphatase, a-chymotrypsin, a-glucosidase, b-glucosidase, leucine arylamidase and trypsin, weakly positive for esterase (C4), esterase lipase (C8), lipase (C14) and naphthol-AS-BI-phosphohydrolase, but negative for N-acetyl-b-glucosaminidase, acid phosphatase, cystine arylamidase, a-fucosidase, a-galactosidase, b-galactosidase, b-glucuronidase, a-mannosidase and valine arylamidase. Whole-cell hydrolysates contain ribose, xylose, arabinose, mannose and glucose. The cell-wall peptidoglycan contains meso-diaminopimelic acid. The diagnostic polar lipids are phosphatidylethanolamine, phosphatidylmethylethanolamine, phosphatidylinositol, diphosphatidylglycerol, phosphatidylglycerol and phosphatidylinositol mannoside. The predominant menaquinone is MK-10 (H 4 ). Major cellular fatty acids are C 18 : 1 v9c, iso-C 16 : 0 , anteiso-C 17 : 0 , iso-C 15 : 0 and iso-C 17 : 0 .
Description of
The type strain, PWB-003 T (5JCM 30529 T 5PCU 341 T 5TISTR 2345 T ), was isolated from nearshore sediment collected from Panwa Cape, Phuket Province, Thailand. The DNA G+C content of the type strain is 74.5 mol%.
